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I'lmct  1 uiii  14;  as  a coiiil)  i iieil  alum  siuin  e , saiii|iU  luli,  aiul  uxiitatiun 
iiit'diuiii  fur  atomic  .spoi  t luiuxt  ry , tin'  lv[iical  aiial)Iii.ai  I 1 .anu  lutina  an  i.mu  i luii 
mcnt  wli  1 cli  has  a coiii[)le,\  aiul  Uyri.imi  i.  >t'l  casilv  ut  i 1 i .-.ah  1 c iliararU-r  unjia  ra  I 1 r ! cd 
Ity  any  other  aiialxtical  source.  In  this  .ipiilii.  at  ion,  tin.’  flame  serv'es  a niimhei 

ot  tnnctions  essential  to  I 1 ame  spent  romet  ri  i analysis,  in'ludin;.;  nehn  1 i .si  t i on 


of  tile  s:uiiple  solution,  desolvation  of  tin'  resiiltinj;  a<.rusol,  vaporisation  of 
solute  particles  and  atomization  of  the  vaporization  products.  lln  fo  rt  miat  e 1 > , 
tlames  are  notoriously  inefficient  and  poorly  understood  in  how  they  accomii  1 i sh 
these  results  and  only  through  a basic  understanding  of  how  each  step  is  accom- 
plished will  the  flame's  utility  be  imjiroved  markedly  oi'cr  that  now  attainable. 

In  the  past,  improvements  in  flames  were  derived  largely  through  empirical 
means.  Variations  in  flame-gas  constituents  and  their  proportions  were  found 

I 

to  be  most  effective  in  improving  the  flame,  although  hunier  design,  the  use  j 

i 

of  sheathing  gases,  and  the  development  of  different  flame  shapes  were  also 
found  to  be  important.  However,  because  of  the  complex  environment  within  each 
flame  and  the  interrelationships  of  variables  affecting  that  environment,  it  was 
difficult  or  impossible  to  single  out  individual  flame  jiroperties  for  optimiza- 
tion. Clearly,  what  would  he  desirable  woul d be  to  seoarate  all  variables, 
characterize  them,  and  employ  the  results  of  such  charactei i zat ion  to  generate 
improvements.  In  our  laboratory,  just  such  investigations  have  been  underway 
for  some  time,  aiul  the  present  report  indicates  the  utility  of  tliose  findings 
in  develcping  new  .vid  improved  flames  for  use  in  spectmnctric  analysis. 

In  recent  studies  1-3),  we  investigated  the  processes  of  droplet  desolva- 
tion and  solute  pttrticle  vaporization  in  an  analytical  flame,  lliese  studies  have 
yielded  quantitative  relationships  describing  those  proce.sses  and  liave  increased 
our  knowledge  of  atem  formation  to  the  point  where  some  meaningful  changes 
could  he  m.iUe  to  nure.ise  th<‘  flame's  per- fo  rmance . Ii.  a •■'udy  on  the  mechanism 


of  droplet  desolvation  in  a flanie  C1.3J,  it  was  found  that  flamc-f.as  tliormal 
conductivity  played  an  important  role  in  tlie  desolvation  process.  A siil>sequent 
study  demonstrated  that  replacement  of  tl\e  air  comi>oneat  in  an  ai  r-acetylc'iie 
flame  with  a high  thermal- conductivity  oxidizer  gas  mixture  (.heliimi  + oxygen) 
increased  the  aerosol  desolvation  and  sample  utilizatio.i  efficiencies  (A).  Uii- 
fortunately,  with  these  advantages  came  ;ui  increased  occurrence  of  flaslihack, 
tlierimil  deforiiuition  of  the  burner  components,  and  the  high  cost  of  the  helium 
dil uent  gas  (3,4) . 

Besides  its  increased  sample  utilization  and  atom  formation  efficiencies, 
tlie  helium-oxygen-acetylene  flame  holds  the  possibility  of  increased  fluores- 
cence yield  because  of  its  low  concentration  of  quenching  species.  Unlike 
most  analytical  flames,  the  helium-oxygen-acetylene  flame  has  as  its  priim.ry 
constituent  a monatomic  gas  (helium),  which  has  ;in  unusually  low  collisional 
cross  section  (5).  Helium-diluted  hydrogen-oxygen  flames  have  already  lieen 
shown  to  exhibit  higher  quantum  efficiencies  than  similar  nitrogen-diluted 
flames  (6);  contrasted  to  these  previously  studied  fl.mes,  the  helium-oxygen- 
acetylene  flame  should  produce  higher  atom  concentrat  ion.s , because  of  tlie 
large  number  of  electrons  and  carbon-containing  radicals  it  produces  (7). 

To  offset  this  advantage  somewhat,  the  acetylene-fueled  flame  would  be  expected 
to  exhibit  greater  quenching  than  a similar  hydrogen- fueled  flame. 

The  present  study  seeks  to  increase  the  utility  of  the  helium-oxygen- 
acetylene  flame  by  developing  a burner  system  to  produce  a stable,  reproducible 
flame  and  to  establish  safe  operating  conditions  for  the  new  system.  Physical 
characteristics  of  the  resulting  flame  system  were  investigated  in  order  to 
compare  the  now  flame  with  others  cotranonly  employed.  Laminarity  of  the  flame 
was  investigated  using  Schlieren  photography,  and  temperature  profiles  of  an 
analytically  useful  flame  were  obtained.  Tor  practical  applications,  the 


backj^rouinJ  spectrum  of  tlie  new  flame  was  com)'ared  to  that  i)f  a eommonlv  usi-d 
ai  r-acet}'iene  flaiiK'. 


Hie  bunn^r  itui  ,i;as  flow  s\'stem  used  will)  the  lle-0  flame  ai’e  iles- 

cribed  in  tliis  section.  In  aduition,  special  t eclin  i (|ues  used  to  diaraet  e ri  ce 
the  flame  are  discussed. 

A nx)difiod  version  of  tl\e  Meker-ryj)e  burner  described  by 
ilieftje  (8)  was  used  to  support  the  now  flame.  The  burner  top,  as  shown 
in  I'ifture  1,  contained  lt)'J  exit  ports  of  O.d.h  mm  diametet,  which  wei'c  arranged 
in  concentric  rinps.  Port  diameter  was  cliosen  on  the  basis  of  a tradeoff 
between  safety  and  convenience  in  o(>eration  and  fabrication;  the  ().4o  mm 
diameter  ports  are  small  enouf;l»  to  i>revent  fliisliback  but  large  enough  for 
easy  machinabi  1 i t >•  and  for  avoidance  of  clogging  by  combustion  ]iroducts  and 
sample  residue.  Silver-soldered  to  the  burner  top  was  a single  tum  of 
copper  tubing  i 5 nun  I . D.  ) through  which  taj)  water  was  passed  at  0.5  f./min. 

At  this  flow,  the  cooling  coil  absorlied  sufficient  heat  from  the  burner  top 
to  eliminate  tliermal  defoimation  of  the  burner  and  to  furtlier  reduce  tlie 
likelihood  of  flasb.back. 

As  shown  in  figure  2,  [iiirified  heliun,  oxygen  (Nlatheson 
Co.,  .Joliet,  111.)  and  acetylene  (Linde  l)iv..  Union  Carbide  Cott-i.;  New  York, 
N.Y.J  were  supplied  thmjugli  single-stage  regulators  (Mat'ieson  Co.)  ;uid  measured 
with  dual-float  rotameters  (lie;  M.it.i..  .on  Co.;  0;i  and  C.^b^i  Uwyer  Manufac- 
turing Inc.,  Michigan  City,  Ind.J.  (lie  calibration  of  eacli  tlowinetcr  was 
established  iiy  a wet-test  metc'r  (Precision  Scientific  Co.;  CHiicago,  111.). 
Needle  valves  and  toi'.gli'  shut-off  v.ilv.'s  (Nupro  Co.,  Cleveland,  Ohio)  were 


m 
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used  to  control  the  gas  flows . After  exiting  t'rom  their  flowmeters,  the 
helium  and  oxygen  were  mixed  at  a tulnng  "Y"  and  fed  tiirougli  a euileil  tube 
(4}  to  ensure  good  mixing  before  the  gases  entered  tiie  burner  ch.unber.  Die 
acetylene  was  fed  directly  to  the  burner  from  the  flow  svstem.  Wlien  an  aii- 
acetylene  flame  was  employed,  the  air  (Matheson  Co.)  was  also  fed  directly 
to  the  burner  from  the  rotameter  (Dwyer  Manufacturing  inc.J.  All  flows 
reported  in  this  paper  have  been  corrected  to  STP. 

opera- 
tion of  the  new  burner  and  flame  were  ascertained  by  determining  tlie  flame  . 
gas  flows  necessary  to  prevent  flashback.  To  perform  these  measurements, 
a stable  flame  was  established  which  met  the  desired  requirements  of  fuel- 
to-oxidant  flow  ratio  or  oxygen  flow  rate.  Small  dianges  in  the  helium  flow 
were  then  made  until  flashback  occurred.  After  each  decrement  in  helium 
flow,  thermal  equilibrium  was  allowed  to  establish  at  the  burner  top  before 
further  flow  adjustments  were  made.  Thermal  equilibriiim  was  judged  on  the 
basis  of  a stable  reading  from  a cl\romel-alumol  themuicouple  attaclied  to  the 
burner  head.  After  each  flashback  was  incurred,  flow  readings  were  taken. 
Flashback  flow  measurements  were  taken  several  times  for  each  set  of  flame 
conditions  to  insure  reproducibility  of  the  data. 

. Schlieren  photographs  (9j  were  produced  using 
two  splierical  mirrors  designed  for  that  purpose  and  obtained  from  bdmund 
Scientific  Co.,  Barrington,  N.J.  A pin-hole  light  source  for  tlie  photographs 
was  constructed  by  focussing  tl’e  t tmgsten-halogen  lamp  from  a 35  mm  slide 
projector  (model  AF  Carousel,  Kodak)  onto  an  iris  diaphragm  which  was  placed 
at  the  focus  of  tlie  first  spherical  Schlieren  mirror.  Tlie  collimated  be.im 
produced  by  t lu-  first  mirror  was  (lasscd  tbmuj'ji  the  fl  arie  to  a second  spher- 
ical mirror  which  focussed  tlie  I i g.lit  at  a circular  api  rt  un'  (10).  Only 


those  light  rays  which  wmained  imrefractod  as  t !u\\'  pa'', 
were  a 1 1 owed  to  pass  thi'ough  the  circular  apoi'tur'c  and  I 
a ptu)t  ograph  i c film  holder  placed  licliiiui  the  aperture, 
the  Sdilieren  techniqui'  can  l>e  t'oiuid  in  tlie  literature 


■a’tl  through  tin.'  t'laiiie 
■ I t he  t oca  I p I ane  ij  I 
I'Ui'llie  r di  t ails  aluuit 
10). 


riaiTi|p  Temperatures.  IT  amc  temperatures  wore  mea'-ured  using  the  soilimn 
line-reversal  tcchniiiue  (llj.  In  these  measurements,  a L,mgsten  strip  lamp 
served  as  the  primary  source  and  was  calibrated  with  an  optical  pN-rometer 
(I’yroiiK'ter  lastnunent  Co.,  .\'ort!ivale , N.J.]  whose  validity  is  traceable  to 
the  .National  Bureau  of  .Standards.  I'o  further  assure  accuracy,  tlie  iiyrometer 
was  periodically  checked  with  .in  NBS-t  raccahle  tiuigsten- fi  1 ament  lamp  (.No. 
18AflO/2,  General  hlectric  Co.,  Cleveland,  Ohio).  Detection  of  the  reversed 
condition  (indicating  equality  of  the  lamp  and  iTame  temperatures),  as  described 
by  Snel  leman  (llj,  was  simplified  by  use  of  a wavelength.- nodulated  monochromator 
imd  synchronous  detection  system  (12J. 


Tlie  tetejrminpt  ion  of  Syfe  pperqtiiig 


L i mi t s : 


Results  of  an  earlier  study  liave  sliown  the  lle-0  -C,ill2  Hamc  to  be 
fl ashhack-p rone  when  supported  on  a biinu'r  designed  for  operation  with  an  air- 
acetylene  nii.xture.  This  finding  is  not  sui-jiri  s ing  if  one  considers  the  factors 
affecting  tlic  fonnati.m  of  a pre-mixed,  laminar  flam*'.  The  stabilisation  of 
such  a flame  on  a burner  ton  is  governed  by  ihree  procei'.ses:  f i rst , the  flame 

gases  are  consumed  at  a rate  (cliaracteri  sed  by  tlieir  burning  velocity)  which 
is  directly  related  to  tin-  composition  of  the  flame  gas  mixture;  second , the 
walls  of  the  burner  ports  exert  a ipienchiii);  effect  on  tl-.-.  combustion  of  t he 

■ 'iiinnii)'.  V-' 1 1 1 c 1 ' 'c  .■'.■ro  near  the  port  walls;  '* 


MMMiiiiBHBi 


1 

i 

i 
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gas  nnxtiirt.',  inak  i nc,  tin 


short  distance  from  the  port  walls,  tlic  flame  j;ases  aj;ajii  attain  tfieir  charac- 
teristic burning  velocity  (9,133. 

For  a gas  exhibiting  laminar  flow  out  of  a luirner  p^)rt,  ,i  I’o  i s.-ui  1 Ic 
velocity  distribution  exists  across  the  port  iliametcr.  lo  prevent  I 1 ashl).!  cl,  , 
the  exiting  gas  velocity  at  every  point  in  the  humer  port  must  lie  I'.reati'i- 
than  or  eqiLil  to  the  backward-propagating  burning  velocity  at  that  point.  I'lie 
gas  flow  which  produces  a velocity  profile  wliich  is  everywhere  just  ecpial  to 
or  greater  than  the  burning  velocity  is  said  to  generate  the  critical  botatdary 
velocity  grtidicnt.  This  flow  is  then  the  lowest  wliich  will  prevent  flashback. 

I'lashback  occurs  when  the  gases  flowing  from  tlie  burner  port  do  not  exceed 
the  critical  boundary  velocity  gradient,  causing  the  flame  to  propagate  into 
the  burner's  mixing  chamber  and  detonate  the  gas  mixture  there.  Obviously,  the 
larger  the  burner  port  or  the  greater  the  burning  velocity  of  the  gas  mixture, 
the  greater  will  be  the  gas  velocity  or  flow  required  to  prevent  flashback. 

Because  the  lle-02-C2"2  mixture  has  a far  greater  burning  velocity  than  air- 
acetylene,  it  is  not  suiirising  that  the  former  flame  cculu  not  be  safely  supported 
on  a burner  designed  for  ai r- acetylene . 

The  general  approach  to  producing  a safe  and  f 1 ashback- free  flame  can  take 
two  courses:  the  burner  ports  can  be  made  small  enough  to  extend  the  quenching 

effects  of  the  walls  throughout  the  port,  or  the  minimum  gas  velocity  reciuired 
to  maintain  a safe  flame  can  be  determined  for  a particular  burner  port  size. 

The  first  of  these  courses  is  often  not  practicable  for  flames  of  the  kind  being 
studied  here.  In  order  to  calculate  the  port  diameter  which  is  small  enough 
to  maintain  the  flame  under  Mie  worst  possilile  conditions,  a knowledge  of  the 
combustion  characteristics  for  all  possible  combinations  of  gas  mixture  must 
be  available.  When  a burner  port  e.xhibits  this  beliavior,  it  is  said  to  be  at 
or  below  the  quenching  diameter  for  the  g.as  mixture(s)  used.  Quenching  diameter 


7 


valin's  for  several  flames  have  been  ealeulateil  or  enip  i i i ea ! I y Jelenuineil  (S, 
14,1a).  lln  fo  rtimat  e ly  , for  rapidly  Imniiny  yas  mixtinv;,  i.he  rciuired  (|iieiuh  i iiy. 
diameters  are  oftea  ve  r\-  small.  for  example,  an  o.xy  yen  - .leet)  1 eiu'  mixture  h.is 
a quiMich  Lay  diameter  ot  O.lOb  ran  (loj.  Sueh  small  [)i.)rts  are  yenei-all)'  imprae- 
tical  I)ecau.se  of  the  difficulty  of  machiaiai’,  a multiport  burner  head  and  i In- 
likelihood  of  cloy.gii;t;  of  the  ports  with  nebulized  solution  ami  combustion 
products.  In  this  situation,  the  second  approach  must  be  taken  and  safe  oper- 
ating conditions  for  the  flame  must  be  empirically  determir.ed.  This  latter 
method  is  the  one  ordinarily  adopted  hy  instrument  manufacturers  who  offer 
burners  for  nitrous  ox  i de-acet  y 1 one  flames. 

The  critical  lioundary  velocity  gradient  for  differing  flame  comiios  i 1 1 ons 
depends  not  only  on  the  burning  I'elocity  of  tlie  fl.ijne  gases  but  also  on  their 
density,  thermal  conductivity  and  specific  heat  (Hi).  for  a flame  composed 
of  gases  whose  composition  is  either  pure  (i.e.,  or  constant  U . e . , air), 

the  burning  velocity  has  lieen  shov>m  to  change  relatively  little  over  a wide 
range  of  fuel/oxidant  latios,  when  compared  witii  the  large  clianges  in  burning 
velocity  whic!'  occur  when  varying  amounts  of  a diluent  gas  are  added  to  the 
same  gas  mixture  (9,17).  Ihercfore,  varying  the  jiercentage  of  diluent  gas 
in  a 1 1 ame  gas  mi.xiuiv  i-.  one  method  of  controlling  the  burning  velocity  ot  the 
flame.  lor  instance,  an  acetylene  flame  siqiported  hy  a 2Ih  O2  mixture  with 
1N2  has  been  shown  to  have  a burning  velocity  one-tenth  that  of  a flame 
supported  hy  jiure  1)  (17).  Similar  studies  on  other  hydrocarbon  flames  have 
shown  a four-fold  increa.-^e  in  burning  velocity  when  heliuiii  was  substituted  for 
nitrogen  as  a diluent  in  the  oxidizer  gas  fl  S)  . for  all  mixtures  it  was  foinid 
that  tfie  burning  velocity  decreased  as  the  fraction  of  diiuent  increased. 

The  amount  of  he  1 1 urn  renin  ri'd  in  tlu-  present  study  t c.  maintain  a stable 
flame  for  various  .ic’ y liuie/oxy  i;en  Ilow  I'.itios  fi.e.,  fiii’ 1 /hix  i dant  ratios! 
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is  shown  in  Figure  3.  To  obtain  the  data  in  Figure  3,  tl)e  oxygen  flow  was 
maintained  at  4.1  S,/niin;  the  variation  in  fuel/oxidant  was  accomplished 
by  changing  the  acetylene  flow  rate.  The  slight  changes  in  burning 
velocity  of  the  mixture  so  produced  were  countered  by  aitei’ing  the 
amount  of  helium  diluent  gas  required  to  prevent  flashback.  Interestingly, 
the  total  gas  flow  reuqired  to  prevent  flashback  was  found  to  remain 
nearly  constant  at  11.5  Ji/min  between  the  fuel/oxidant  ratios  of  0.45 
to  0.87,  with  slightly  lower  total  flows  required  at  the  low  fuel/oxidant 
ratios. 

file  data  displayed  in  I'igurc  3 follow  a [iredictablc  pattern.  At  the 
stoichiometric  gas -flow  ratio  (fuel/oxidant  = 0.40},  the  greatest  percentage 
of  the  oxygen  and  acetylene  componejtts  react  in  the  combust ioit  process,  to 
produce  a maximal  burning  velocity.  However,  air  entrainment  and  in- 
complete combustion  result  in  a shifting  of  this  maximum  hiiming  velocity  point 
to  slightly  richer  measured  gas  mixtures.  At  fuel/oxidant  ratios  away  from 
stoichiometric,  tl>e  gas  burning  velocity  decreases,  as  signalled  by  the  smaller 
percentage  of  helium  required  to  prevent  flashback.  Tliis  cehavior  suggests 
that  portions  of  tlic  acetylene  or  oxygen  flows  are  not  actively  involved  in 
the  combustion  process  and  act  as  diluent  gases. 

Figure  3 reveals  that  the  helium  content  of  the  lle-Oi'-Cp.ll^  flame  gas 

mixture  must  be  nearly  fifty  percent  to  prevent  flashback  ;'.t  all  values  of 

t 

Cue  I /(jxi  dant  ratio.  In  addition,  if  tlie  oxygen  flow  is  changed,  the  helium 
requirement  is  also  altered  as  shown  in  Figure  4.  io  co''iStruct  Figure  4,  a 
constant  fuel/oxidant  ratio  of  0.49  was  chosen  to  represent  the  region  of 
greatest  helium  requirement  (cf.  F'igure  3);  also,  oxygen  and  acetylene  flows 
were  reduced  s i mill  t aneoas  ly  in  >.»'(Ier  to  maintain  a fixed  fuel/oxidant  ratio. 
Ihiis,  the  increase  in  oxygen  flow  (horir.ontal  axis  of  Figure  4)  also  represents 
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;in  increase  in  the  total  flow  of  active  components  in  tlie  :yas  mixture.  j 

From  Figure  4,  lower  oxygen  and  acetylene  flow  rate-;  require  corrc;spondingl y | 

greater  helium  to  prevent  flashback.  It  might  tlien  be  expected  that  a constant  total  | 

flow  (including  helium)  for  all  oxygen/acetylene  combinations  would  be  required.  j 

j 

However,  Figure  5 shows  that  the  total  required  flow  decreases  monot onical ly  with  | 

oxygen  flow;  obviously,  the  increased  dilution  of  the  combustible  gases  by  helium 
reduces  the  mixture's  l)uming  velocity. 

Useful  operating  limits  of  the  lie li urn- oxygen -acetylene  flame  arc  delineated 
in  Figure  6.  Because  the  fuel/oxidant  ratio  of  0.49  represents  the  greatest  demand 

for  helium  (cf.  Figure  3),  the  percent  helium  required  foi'  a specific  total  flow  | 

] 

at  this  fuel/oxidant  ratio  will  suffice  for  any  other  fuel/oxidant  ratio.  Of  course,  j 

I 

other  fuel/oxidant  ratios  will  permit  the  use  of  flame  gas  mixtures  with  lower 

helium  content.  The  lowest  helium  demand  is  at  the  extremes  of  the  useful  fuel/ 

oxidant  range  which  extends  between  the  point  at  which  the  flame  turns  luminous 

(fuel/oxidant  = 0.97)  and  where  the  acetylene  flow  becomes  too  low  to  be  accurately 

monitored  (fuel/oxidant  = 0.25).  At  these  fuel/oxidant  ratios  the  helium  demand  is 

28%  and  45%,  respectively.  However,  as  a general  rule,  it  can  be  ascertained  from 

Figure  b that  a typical  analytical  flame  (7  t/min  total  flow  or  more),  supported 

on  a burner  head  with  0.45  ram  diameter  ports,  will  operate  safely  witli  a mixture 

of  helium,  oxygen  and  acetylene  containing  55%  or  more  helium.  • | 


5c)ilieren  metlu'ds  lia  ve  long  hec'ii  used  to  observe  sp-atial  n;fractivc  index 
cliangi's  within  I I ;unes  and  other  cumliustion  sources  (9,10),  Information  olitaincd 
from  SUilleren  phot ogr,ii)hs  has  Ijoen  used  to  correlate  turbulence  in  tlio  flame 
hac.kgroiuul  radiation  to  noise  seen  in  an  atomic  absorption  measurement  (19). 

In  the  present  study,  t'ne  lamn'-irity  of  tlie  lie ! i um-oxygen-ncety  lone  flame  was 


investigated  using  Schlieren  methods. 

I lie  Sciilieren  image  produced  hy  tiie  hcl  i um -oxygcn-acotvlenc  flame  (Figure 


M) 


■'A)  is  identical  to  that  of  an  ai i-acety Umio  flame  whicli  was  found  l>\  otluM-. 
to  exliibit  a high  dcRroe  of  huninarity  (S.ll.JOj.  A slij’J-t  tnrhiilciice  at  the 
edges  of  the  fl;une  and  in  its  upper  regions  ohservahle  in  ’•igiirc  .'A  is  eausei) 
by  the  entrainment  of  air.  ilowever,  the  central  jiortion  of  the  flame  remaiie. 
fairly  laminar  throughout  the  most  commonly  used  region  (within  10  cm  above 
the  burner  top) . 

(■or  comparison,  t)ie  .Selilieren  image  of  a lliDisen  flame  is  shown  in  figure 
7B.  The  regions  of  turbulence  within  the  Bunsen  flame  produced  by  tlie  mixing 
ot  tlame  gases  and  air  arc  easily  observed  in  tite  iiigh- contrast  regions  of  tlie 
image  (!>)  . Tlie  wide  degree  of  refractive  index  change  in  tlte  mixing  gases 
produces  the  sharji  contrasts. 

Flame  Temperatures 

V/i.  O"  , V ■VX.'VVV’j'l  .'■.A.V'VS- 

i'he  importance  of  flame  temijerature  to  practical  flame  spectrometry  has 
long  been  known.  The  use  of  the  nitrous  oxide-acetylene  flame  illustrates 
tiio  increase  in  sensitivity  and  decrease  in  matrix  interferences  that  higher 
tlame  temperatures  can  bring,  but  also  bet^’ays  the  effects  of  increased  ioni- 
zation (21).  Recent  studies  have  sliown  the  imjiortant  role  flame  tem]ierature 
plays  in  tlic  desolvation  and  vaporization  processes  in  flames  (1-.^). 

Tlie  change  in  lle-Op-C2ll2  flame  temperature  with  fue  I 'oxi  dant  ratio  at 
two  different  heights  in  the  flame  is  shown  in  Figure  8.  To  produce  Figure  8, 
the  total  gas  and  oxygen  flow  rates  were  kept  constant,  but  the  acetylene  and 
helium  flow  rates  were  varied  oppositely  to  produce  the  desired  fuel/oxidant 
ratio  and  total  flow.  flic  results  show  a r^se  in  .temperatare  with  increasingly 
richer  flames  and  decreasing  helium  content. 

Fr;m  F’igure  8,  the  lle-02-C?li.^  flame  exhibits  temperatures  which  are  higher 
tium  those  of  an  a i r-.icet  y 1 ene  flame-  (J.’^()0“K)  (4)  and  apimKich  those  of  a 
nitnuLS  oxi  de-acel  ylcne  flame  (27r>0“K)  (4).  The  fl.iiiK-  .liso  offers  the  ability 


to  vary  tiio  tomporat  arc  ovor  a Ji)i)-3(i()°K  rany.o  liy  can  li';  choice  vif  liu'l/ 
oxidant  ratio  and  heliiuii  content.  ihis  aliilit''  enahlc:.  nn  app  n'p  i i .it  c tem- 
perature and  fltime  composition  to  he  selected  i ndepi'udent  1 v tor  t!\e  im'-.i  seio.  1 1 i w 
determination  of  any  element. 

•A  vertictil  l ciiipe  r;it  ure  profile  o t‘  t!ie  liel  i um-ox>'p,en- ace  t y 1 cue  flame  is 

siiown  in  I'iy.ure  o.  riu'  fiaiiK'  composition  used  to  produce  1m  ure  >'  u;is  tliat 

correspondinjt  to  the  liij.;!iesi  tompeiature  displtiycnl  in  lip.ure  8 (i.e.,  fuel/ 
oxidtmt  = 0.85).  A nearly  linear  tempi'rature  decretise  occurs  with  Iieinht  in 
tiu'  flame,  with  a gradient  of  approximately  >t°K  per  ciun 'meter  from  the 
burner  top. 

Backi;.rp,«i,d  Sppetja 

.A  comparison  between  tlie  background  spectrum  of  tlio  hoi  i um-oxygen-;icety lene 
flame  and  that  of  an  ai  r- acetylene  flame  witli  eiiutil  ticety  lene/oxygen  ratii'  and 
total  flow  rate  revetils  the  similarit>  ol’  tite  two  fl, lines.  Mtlioui'Ji  liotli  speetrti, 

siiown  in  figure  10,  tire  quite  simple  compared  to  tluit  of  ;i  nitrous  oxide- 

acetylene  flame,  tlic  background  of  tlie  lie  1 i um-o.xygon-acc  ty ! one  fltuiie  is  about 
four  times  as  intense  as  tliat  of  tlie  air-acetylene  flanr  at  the  strongest 
spectral  feature  ohservi'd  [.Stit)  iiiiij  . However,  this  intei.sity  ratio  would  he 
expected  to  equtil  1 d . .5  if  onl)'  tlie  t em))c  ratuix*  difference  between  the  two  lltimes 
Were  taken  into  cons  i di- rat  ion . lliis  disptirity  indicates  tiiat  a ftictor  ot  tliree 
gtiin  ill  elomenttil  euissivin  sig.n.al  Hitickground  intensity  should  he  observed  for 
tile  lie-0. -f,  M.  fl.imc  'ver  tlv  air  f, .11.  fl  anx' . Studies  are  currently  underway 
to  subst.iiit  Kite  this  liypotl.i"!  is  . 
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W.tii  the  devilopmeiit  •,!'  :>  w 1 1 1' f ■ con  1 e d htinier.  'he  lie  1 i um-oxy  geii-a  ce  t y 1 one 


flame  has  been  cliaracterized  to  allow  its  safe  and  f 1 asi'hack- free  use  in 
atomic  spectrometr>’.  Tlie  flame  offers  pliysical  cliaracti- ri  si  i cs  that  are 
similar  to  or  better  than  tlie  air-acetylene  flame  in  lie'  areas  of  teiiiiu' r.it  me 
and  laminarity  wliile  yielding  a slight  di  sadvtuitage  in  background  eiiiissi(>n 
intensity.  It  should  offer  increased  sensitivity  for  t b.e  ilete  rmi  nat  i on  of 
refractory  elements  while  not  possessing  tlie  high  btickgrooml  and  incidenci.' 
of  ionization  which  plague  the  nitrous  oxide-acetylene  i'lame. 

The  incorporation  of  helium  into  the  oxygen-acetylene  f 1 tune  gas  mixture 
has  added  a new  control  dimension  to  the  flame.  The  tiiirJ  variable  gas  flow 
enables  the  independent  control  of  sucli  flame  properties  as  burning  velocity, 
temperature  and  rise  velocity  at  any  selected  fucl/oxidant  ratio,  i'he  fl.une 
has  a wide  range  of  fuel/oxidant  ratios  available  which  sliould  allow  optimiza- 
tion of  flame  conditions  for  m;iny  elements.  In  ase,  the  operating  costs  of 
the  lielium-containing  flame  exceed  tliosc  of  the  air-acetylene  flame,  luit  are 
comparable  to  the  costs  of  a nitrous  oxide-acotyli'iie  Dame. 

I'he  analytical  utility  of  the  hcl  i um-oxygen-acety  1 on;;  flame  will  be  in- 
vestigated by  tlie  measurement  of  atomization  efficiencies,  a project  which  is 
currently  in  progress  in  our  laboratories.  Tlie  utility  of  the  flame  ;is  an 
atom  source  for  atomic  fluorescence  will  also  be  studied  by  means  of  fluores- 
cence nuantum  efficiency  measurements;  we  expect  the  measurements  to  substan- 
tiate the  importance  of  the  flame's  monatomic  primary  constituent  to  improved 
fluorescence  yields.  Future  work  will  also  include  tlu'  develojiment  of  a fliish- 
b;ick-free,  air-cooled  slot  liurner  to  support  a long-path  laminar  lle-0?-t.ll.-) 
flame  for  use  in  atomic  absorjuion  spectrometry. 
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Figure  I,  Top  view  of  water-cooled  burticr  used  Cor  tlie  he!  ium-ox)gen-acet  v 1 uiu- 
flame.  A cooling  coil  was  silver-soldered  onto  a liui'iier  to  wli  i cli  a 


Figure  2. 


Figure  5. 


Figure  4. 


Figure  5. 


Figure  u. 


Figure  7. 


detachal)lc  burner  head  ci'iilaining  0.4fi  luin  diameter  I't  ■.  wa-. 
fastened. 

Gas-flow  control  system  used  to  support  the  hel  i ;uii-oxygeti-acet>l  cue 
flame  showing  arrangement  for  mixing  tlio  lieliiiin  and  oxygen  gas  flows. 
Variation  in  the  he  1 i um-reqiii  remen  t as  a function  of  fuel/oxidant 
ratio  for  a lielium-oxygen-acetylene  flame.  Hie  minimum  lu  liion  retiuire- 
ment  to  maintain  a flame  above  flashback  is  noted  for  a flame  gas 
mixture  containing  4.1  Ji,/min  oxygen.  Fuel /oxidant  variations  were 
accomplished  by  changing  the  acetylene  flow. 

Hffect  of  oxygen  flow  on  the  hel  i un  requirement  of  the  lielium-oxygen- 
acetylene  flame.  A constant  fuel/oxidant  ratio  of  0.49  was  maintained 
for  all  oxygen  flows. 

liffect  of  oxygen  flowontlie  total  flow  requirement  for  a helium-oxygen- 
acetylene  flame  witli  a fuel/oxidant  ratio  of  0.49. 

Safe  operating  conditions  for  tlie  helium-oxygen-acetylene  flame.  A 
constant  fuel/oxidant  ratio  of  0.49,  whicli  represents  a worst-case 
situation,  was  used  to  delineate  the  safe  0[ic  rating  conditions  for 
all  useful  f 1 ;iiixi  gas  flows. 

Schlieren  nhotograplis  of  (aj  lle-0?-C,''Hp  flame  ;uid  (b)  Bunsen  flame. 

Die  dark  regions  denote  refractive  index  changes  wliich  can  occur  as 
a result  of  turbulent  mixing. 
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8.  Variat  ioti  of  hel  ium-oxygen-acot  yleiie  flatnt'  temperature  with  fuel/ 
oxidant  ratio  at  (A)  1 cm  al'ove  the  hiinier  ti-p  and  (h)  S cm 
al)ove  the  burner  top.  A constant  oxygen  fhrw  of  1 . 1 (.  /min  and  a 
constant  total  1 low  of  11). (>  I’/min  were  ma  i n t .i  ■ ned . 
y.  Vertical  temperature  profile  fora  In- 1 i iim-owgen-acet  y I ene  flame 
witi'-  fuel/oxidant  ratio  of  O..S.S;  o.vyg.en  I low  of  I . I i/niiii  ami 
helium  fraction  of  (>0.4 «. 

10.  Backgroiuid  spectra  of  air-acetylene  and  helium-oxygen-acetylene 


flames  of  equal  fuol/oxidant  7-atio. 
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